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(54) Epitaxial semiconductor substrate and manufacturing method thereof; manufacturing 
method of semiconductor device and of solid-state imaging device 



(57) Quality of epitaxial semiconductor substrates 
(7) treated by carbon gettering is evaluated precisely 
and quickly to use only good-quality ones for manufac- 
turing good-property semiconductor devices, such as 
solid- state imaging devices. After carbon implanted re- 
gions (4) and carbon non-implanted regions (5) are 
made along the surface of a Si substrate (1) by selec- 
tively ion-implanting carbon, a Si epitaxial layer (6) is 



grown on the surface (1 a) of the Si substrate (1 ) to obtain 
a Si epitaxial substrate (7). Recombination lifetime or 
surface photo voltage is measured at a portion of the Si 
epitaxial layer (6) located above the carbon non-im- 
planted region (5), and the result is used to evaluate ac- 
ceptability of the Si epitaxial substrate (7). Thus, strictly 
selected good-quality Si epitaxial substrates (7) alone 
are used to manufacture solid-state imaging devices or 
other semiconductor devices. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to an epitaxial semicon- 
ductor substrate, manufacturing method thereof, man- 
ufacturing method of a semiconductor device and man- 
ufacturing method of a solid-state imaging device. 

Description of the Related Art 

[0002] As semiconductor substrates for manufactur- 
ing semiconductor devices, CZ substrates grown by CZ 
(Czochralski) method, MCZ substrates grown by MCZ 
(magnetic field Czochralski) method, and epitaxial sub- 
strates having epitaxial layers made on those substrates 
are often used generally. 

[0003] As semiconductor substrates for solid-state 
imaging devices, epitaxial substrates and MCZ sub- 
strates are mainly used to reduce uneven image con- 
trast caused by uneven dopant concentration, i.e., stri- 
ation. Among them, epitaxial substrates can be made to 
include a low-resistance region (buried region or low- 
resistance substrate) under epitaxial layers for forming 
a device, they are effective for progressing low-voltage 
driving and low power consumption of solid-state imag- 
ing devices. Therefore, their wider use is still expected. 
[0004] For manufacturing silicon (Si) epitaxial sub- 
strates, chemical vapor deposition (CVD) is currently 
used as a practical method, and four kinds of source 
gases are mainly used therefor. That is, hydrogen re- 
duction process uses SiCI 4 or SiHCI 3 , and reaction oc- 
curring there is expressed as follows. 

SiCI 4 ... SiCI 4 + 2H2 Si+4HCI 

SiHCI 3 ... SiHCI 3 +H 2 Si+3HCI 

Thermal decomposition method uses SiHgClg or SiH 4 , 
and reaction occurring there is expressed as follows. 

SiH 2 CI 2 ... SiH 2 CI 2 -> Si+2HCI 

SiH 4 ... SiH 4 -» Si+2H 2 

[0005] Among these four kinds of source gases, 
SiHCI 3 is inexpensive, grows fast, and is suitable for 
growth of a thick epitaxial layer. And it is most used for 
manufacturing Si epitaxial substrates for solid-state im- 
aging devices. 

[0006] However, whichever one of those source gas- 
es is used, Si epitaxial substrates contain much impurity, 



especially metal impurity such as heavy metal impurity, 
which undesirably mixes in during deposition of the epi- 
taxial layer. Therefore, so-called white defects due to a 
dark current of a solid-state imaging device cannot be 
s reduced sufficiently, and this makes characteristics and 
the production yield bad. 

[0007] Possible sources of metal impurities such as 
heavy metal impurities are stainless steel (SUS) mem- 
bers in a bell jar of an epitaxial growth apparatus and 

io source material gas pipes, among others. It is assumed 
that, if a source gas contains a chlorine (CI) gas, for ex- 
ample, it decomposes and produces HCI during growth, 
this corrodes stainless steel members to produce a chlo- 
ride of a metal, the metal chloride is captured into the 

is source gas, and the metal impurity is caught into the epi- 
taxial layer. In some cases, HCI gas is intentionally in- 
troduced into a bell jar to lightly etch off the surface of a 
Si substrate prior to epitaxial growth of layers, and this 
is also a cause of corrosion of stainless steel members. 

20 [0008] Therefore, when a Si epitaxial substrate is 
used to fabricate a solid-state imaging device, some get- 
tering technique is necessary for removing metal impu- 
rities. As such gettering technique, there are, for exam- 
ple, intrinsic gettering for precipitating over-saturated 

25 oxygen in the Si substrate exclusively within the sub- 
strate and using it as the getter sink, and extrinsic get- 
tering for making a polycrystalline Si film or a region 
doped with high-concentrated phosphorus (P) on the 
bottom surface of the Si substrate and utilizing a distor- 

30 tion stress caused thereby to make a getter sink. None 
of them, however, had sufficient ability as gettering 
method for Si epitaxial substrate, and could sufficiently 
reduce white defects of solid-state imaging devices. 
[0009] Taking it into account, the Inventor previously 

35 proposed a method for manufacturing a Si epitaxial sub- 
strate by implanting carbon into one of surfaces of an Si 
substrate by a dose amount of 5x1 0 13 cnrr 2 or higher and 
thereafter stacking an Si epitaxial layer thereon (Japa- 
nese Patent Laid-Open Publication No. hei 6-338507). 

40 According to the method, since a getter sink assumed 
to be a compound of carbon and oxygen in the substrate 
can powerfully getter metal impurities, etc. mixing into 
the epitaxial layer, white defects of solid-state imaging 
devices could be reduced to 1/5 as compared with Si 

45 epitaxial substrates made by using conventional getter- 
ing method. 

[0010] To control impurities (especially metal impuri- 
ties) mixing into epitaxial layers under growth, conven- 
tionally used were (1) a method for observing pits or 

so crystal defects in epitaxial layers after growth, (2) a 
method for quantitatively measuring heavy metal impu- 
rities on the surface of an epitaxial layer or in a substrate 
bulk by atomic absorption spectrometry, inductively cou- 
pled plasma mass spectrometry (ICP-MS), neutron ac- 

55 tivation analysis, (3) a method for conducting electric 
measurement such as lifetime measurement on the en- 
tirety of an epitaxial substrate by microwaves, and so on. 
[0011] Among these methods, control of impurities by 
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microwave lifetime measurement needs no pre-treat- 
ment, and gets a result quickly and easily. Therefore, it 
is used widely With regard to it, the Applicant also pro- 
posed a method for reducing white defects of solid- state 
imaging devices by using a Si epitaxial substrate having 
a lifetime whose ratio relative to the lifetime of the Si 
substrate before deposition of the epitaxial layer is larg- 
er than a predetermined value (Japanese Patent Laid- 
Open Publication No. hei 9-139408). 
[0012] However, in the Si epitaxial substrate treated 
by carbon gettering, since the getter sink behaves as a 
center of electron-hole recombination, there is the prob- 
lem that the measured lifetime does not reflect the 
amount of impurities mixing into the epitaxial layer under 
growth. To date, therefore, instead of measuring the life 
time of a Si epitaxial substrate treated by carbon getter- 
ing, the lifetime was measured from a monitor substrate 
prepared by forming the epitaxial layer on a Si substrate 
of the same batch but not treated by carbon gettering, 
and the result was used to evaluate the quality of the Si 
epitaxial substrate. 

[0013] However, even among Si epitaxial substrate 
made in the same batch, a difference among the sub- 
strates is inevitable. Therefore, although there was a 
correlation to an extent between the lifetime measured 
from the monitor substrate and white defects of solid- 
state imaging devices manufactured by using Si epitax- 
ial substrates treated by carbon gettering, the correla- 
tion was not satisfactory. It was therefore actually diffi- 
cult to evaluate white defects of solid-state imaging de- 
vices, i.e., degree of impurity contamination of Si epi- 
taxial substrates by heavy metal impurities, for example, 
and accurately know their acceptabiity from the result of 
measurement of lifetime using a monitor substrate. Fur- 
thermore, a wafer-by- wafer type has become the main 
current of epitaxial devices made by processing a sem- 
iconductor substrate as large as 8 inches or more in di- 
ameter, and the degree of impurity contamination varies 
from a sheet of the semiconductor substrate to another. 
Therefore, measurement of the lifetime using a monitor 
substrate has become almost meaningless. 
[0014] Under the background, there is a strong de- 
mand for a technique which enables direct measure- 
ment of lifetime of a Si epitaxial substrate itself treated 
by carbon gettering, and can determine acceptability of 
the Si epitaxial substrate precisely and quickly. 

OBJECTS AND SUMMARY OF THE INVENTION 

[001 5] It is therefore an object of the invention to pro- 
vide an epitaxial semiconductor substrate and its man- 
ufacturing method which enables precise and quick de- 
termination of acceptability of the epitaxial semiconduc- 
tor substrate treated by carbon gettering. 
[0016] Another object of the invention is to provide a 
method for manufacturing a semiconductor device ca- 
pable of precisely and quickly determining acceptability 
of an epitaxial semiconductor substrate treated by car- 



bon gettering and to manufacture a good semiconductor 
device with a high yield by using a good epitaxial sem- 
iconductor substrate remarkably reduced in impurity 
contamination by heavy metal impurities, for example. 

5 [0017] Another object of the invention is to provide a 
method for manufacturing a solid-state imaging device 
capable of precisely and quickly determining accepta- 
bility of an epitaxial semiconductor substrate treated by 
carbon gettering and to manufacture a good semicon- 

io ductor device with a high yield by using a good epitaxial 
semiconductor substrate remarkably reduced in white 
defects. 

[0018] According to the first aspect of the invention, 
there is provided an epitaxial semiconductor substrate 

is having formed an epitaxial layer in which carbon is ion- 
implanted along a major surface of a semiconductor 
substrate, and an epitaxial layer made of a semiconduc- 
tor is stacked on the major surface of the semiconductor 
substrate, comprising: 

20 a carbon non-implanted region provided at least 

in one portion along the major surface ol the semicon- 
ductor substrate. 

[0019] According to the second aspect of the inven- 
tion, there is provided a method for manufacturing an 

25 epitaxial semiconductor substrate configured to first ion- 
implant carbon along a major surface of a semiconduc- 
tor substrate and thereafter stack an epitaxial layer 
made of a semiconductor on the major surface of the 
semiconductor substrate, characterized in: 

30 ion implanting carbon along the major surface of 

the semiconductor substrate while making a carbon 
non-implanted region at least in one location. 
[0020] According to the third aspect of the invention, 
there is provided a method for manufacturing a semi- 

35 conductor device configured to manufacture the semi- 
conductor device by using an epitaxial semiconductor 
substrate made by first ion-implanting carbon along a 
major surface of a semiconductor substrate and there- 
after stacking an epitaxial layer made of a semiconduc- 

40 tor on the major surface of the semiconductor substrate, 
characterized in: 

ion-implanting carbon along the major surface of 
the semiconductor substrate while making a carbon 
non-implanted region at least in one location, then mak- 

45 jng the epitaxial layer on the major surface of the sem- 
iconductor substrate, thereafter measuring recombina- 
tion lifetime or surface photo voltage of a part of the epi- 
taxial layer located above the carbon non-implanted re- 
gion, using the result thereof to evaluate acceptability 

50 of the epitaxial semiconductor substrate, and manufac- 
turing the semiconductor device by using the epitaxial 
semiconductor substrate evaluated to be good. 
[0021] According to the fourth aspect of the invention, 
there is provided a method for manufacturing a solid- 

55 state imaging device configured to manufacture the sol- 
id-state imaging device by using an epitaxial semicon- 
ductor substrate made by first ion-implanting carbon 
along a major surface of a semiconductor substrate and 
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thereafter stacking an epitaxial layer made of a semi- 
conductor on the major surface of the semiconductor 
substrate, characterized in: 

ion-implanting carbon along the major surface of 
the semiconductor substrate while making a carbon 
non-implanted region at least in one location, then mak- 
ing the epitaxial layer on the major surface of the sem- 
iconductor substrate, thereafter measuring recombina- 
tion lifetime or surface photo voltage of a part of the epi- 
taxial layer located above the carbon non-implanted re- 
gion, using the result thereof to evaluate acceptability 
of the epitaxial semiconductor substrate, and manufac- 
turing the solid-state imaging device by using the epi- 
taxial semiconductor substrate evaluated to be good. 
[0022] In the present invention, from the viewpoint of 
obtaining sufficient gettering effect by carbon, the dose 
amount upon ion implantation of carbon into a major sur- 
face of the semiconductor substrate is usually not less 
than 5x10 13 cnrr 2 , and preferably not less than 
5x10 13 cnrr 2 and not more than 5x10 15 cnrr 2 . Basically, 
configuration and size of a region ol the semiconductor 
substrate in which carbon is not yet implanted (carbon 
non-implanted region). can be determined freely as far 
as it is possible to measure recombination lifetime or 
surface photo voltage (SPV) in the carbon non-implant- 
ed region and the overlying part of the epitaxial layer. 
However, minimum width of the carbon non-implanted 
region must be larger at least than the recombination 
lifetime or mean free path in measurement of the surface 
photo voltage. Normally, it is not less than the thickness 
of the semiconductor substrate. The carbon non-im- 
planted region may be as large as one chip for manu- 
facturing a semiconductor device by using the epitaxial 
semiconductor substrate, for example. 
[0023] Measurement of the recombination lifetime or 
the surface photo voltage is most excellent as a method 
for evaluating heavy metal impurities, for example, mix- 
ing in during growth of the epitaxial layer. Measurement 
of the surface photo voltage is attained by making a 
charge of the same sign with the majority carrier to ad- 
here onto the surface to be measured, then intermittent- 
ly irradiating thereon monochromatic light of an energy 
larger than the band gap energy of the substrate, and 
measuring changes in barrier height of the surface (- 
qAV) due to the minority carrier generated thereby and 
moving toward and accumulating on the surface deple- 
tion layer. -qAV is the SPV value. As the SPV method, 
there are a method of adjusting the amount of the irra- 
diated light to make the SPV value constant (constant 
SPV method) and a method of measuring the SPV value 
while making the amount of irradiated light constant in 
the region exhibiting a linear relation between the SPV 
value and the amount of irradiated light (linear SPV 
method). The SPV method, in general, uses the diffu- 
sion length (L) of the minority carrier as the scale of 
cleanness of the substrate. The longer the diffusion 
length, the cleaner the substrate. 
[0024] In the present invention, determination of ac- 



ceptability of the epitaxial semiconductor substrate is at- 
tained, when using recombination lifetime measure- 
ment, typically by measuring recombination lifetime of 
the semiconductor substrate in the carbon non-implant- 

5 ed region (t su6 ), also measuring the recombination life- 
time of the ep itaxial layer in the portion above th e carbon 
non-implanted region (T epj ), and evaluating whether or 
not the ratio of the measured value of the recombination 
lifetime of the epitaxial layer above the carbon non-im- 

10 planted region relative to the measured value of the re- 
combination life time of the semiconductor substrate in 
the carbon non-implanted region (x ep /x sub ) is largerthan 
a predetermined value, preferably not smaller than 1/3, 
and more prelerably not smaller than 2/3. For measuring 

is the surface photo voltage, especially using linear SPV 
method, determination of acceptability of the epitaxial 
semiconductor substrate is attained by measuring diffu- 
sion length of the semiconductor substrate in the carbon 
non-implanted region (L sub ), also measuring the diffu- 

20 sion length of the epitaxial layer in the portion above the 
carbon pre-implanted region (L epi ), and evaluating 
whether or not the ratio of the measured value of the 
diffusion length of the epitaxial layer above the carbon 
non-implanted region relative to the measured value of 

2S the diffusion length of the semiconductor substrate in 
the carbon non-implanted region (L epi /Ls Ub ) is larger 
than a predetermined value, preferably not smaller than 
1/3, and more preferably not smaller than 2/3. When us- 
ing diffusion measurement by SPV method, determina- 
te? tion of acceptability need not rely on the ratio of meas- 
ured values of diffusion length (L^/L^), but may be 
based on whether or not L epi is larger than a predeter- 
mined value, suitably not less than 200 urn, and more 
preferably not less than 400 um 

35 [0025] In the present invention, the solid-state imag- 
ing device may be an amplifying type solid-state imaging 
device or a CMOS solid-state imaging device instead of 
the CCD solid-state imaging device. The semiconductor 
device may be any one of various devices such as bi- 

40 polar LSI, MOSLSI (such as DRAM) or bipolar CMOSL- 
Sl instead of those solid-state imaging devices. 
[0026] In the present invention having the above- 
summarized construction, by using a location of the epi- 
taxial layer above the carbon non-implanted region of 

45 the semiconductor substrate as the measured region, 
recombination lifetime or surface photo voltage reflect- 
ing the true amount of impurities mixed in during growth 
of the epitaxial layer can be measured directly from the 
epitaxial semiconductor substrate treated by carbon 

50 gettering, and acceptability of the epitaxial semiconduc- 
tor substrate can be determined precisely and quickly 
on the basis of the result of the measurement. Then, by 
using the epitaxial semiconductor substrate evaluated 
to be good and remarkably reduced in impurity contam- 

55 jnation such as heavy metal impurities to manufacture 
a semiconductor device such as a solid-state imaging 
device, the invention can ensure high-yield fabrication 
of a solid- state imaging device or other semiconductor 
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device with remarkably reduced white defects and a 
good property. 

[0027] The above, and other, objects, features and 
advantages of the present invention will become readily 
apparent from the following detailed description thereof 
which is to be read in connection with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] 

Figs. 1 to 5 are cross-sectional views for explaning 
a method for manufacturing a Si epitaxial substrate 
according to the first embodiment of the invention; 
Fig. 6 is a plan view of an example of the Si epitaxial 
substrate manufactured by the first embodiment; 
Figs. 7 to 11 are cross-sectional views for explaning 
a method for manufacturing a CCD solid-state im- 
aging device according to the second embodiment 
of the invention; and 

Fig. 12 is a graph showing correlation between re- 
combination lifetime measured on a Si epitaxial 
substrate in a location above a carbon non- implant- 
ed region and white defects of a CCD solid-state 
imaging device manufactured by using the Si epi- 
taxial substrate. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] Embodiments of the invention are explained 
below with reference to the drawings. In all of the draw- 
ings illustrating the embodiments, the same or equiva- 
lent elements or components are denoted by common 
reference numerals. 

[0030] Figs. 1 through 5 show a manufacturing meth- 
od of a Si epitaxial substrate according to the first em- 
bodiment of the invention. 

[0031] In the first embodiment, first prepared is a 
(100)-oriented n-type CZ-Si substrate 1, for example, 
which is cut out from a single-crystalline Si ingot grown 
by CZ method and fabricated by mirror polishing, as 
shown in Fig. 1 . Reference numeral 1 a denotes a mirror 
surface. The CZ-Si substrate 1 is doped with P as an n- 
type impurity, and its resistivity is 8 to 12 ftcm, for ex- 
ample, 10 ftcm. Diameter of the CZ-Si substrate 1 is , 
for example, 5 inches. 

[0032] After the CZ-Si substrate 1 is cleaned by RCA 
method, as shown in Fig. 2, it is thermally oxidized at 
1000°C, for example, by dry oxidation, for example to 
form an oxide film 2 made of Si0 2 on the mirror surface 
1 a. Thickness of the oxide film 2 is, for example, 20 nm. 
[0033] Next, as shown in Fig. 3, a resist pattern 3 
opening at a portion corresponding to a region for im- 
planting carbon ions is made on the oxide film 2 by li- 
thography. After that, using the resist pattern 3 as a 
mask, carbon is ion-implanted into the CZ-Si substrate 



1. For carbon ion implantation, acceleration energy of 
150 keV and dope amount of 1x10 15 crrr 2 are used, for 
example. In this case, projected range (Rp) of carbon is 
approximately 0.32 urn, and peak concentration of car- 

5 bon is approximately 1 x1 0 1 9 cnv 3 . 

[0034] Then, the resist pattern 3 is removed, and the 
CZ-Si substrate 1 is cleaned by RCA method. After that, 
the CZ-Si substrate 1 is annealed in a nitrogen atmos- 
phere, for example, at 1 000°C, for example, for 1 0 min- 

10 utes. As a result of annealing, a carbon implanted region 
4 having its peak concentration at a position deeper than 
the mirror surface 1 a of the CZ-Si substrate 1 and a car- 
bon non-implanted region 5 are made as shown in Fig. 
4. The reason why the carbon peak-concentrated posi- 

15 tion in the carbon implanted region 4 is deeper than the 
mirror surface 1a lies in the requirement for preventing 
deterioration of crystalline quality of an n~- type Si epi- 
taxial layer 6 grown in the next step. Although the an- 
nealing is conducted in the nitrogen atmosphere after 

20 carbon ion implantation for the purpose of recovering 
the crystalline property of the CZ-Si substrate 1 near the 
mirror surface 1a, which is once changed to an amor- 
phous phase by ion implantation, it may be omitted un- 
der certain implantation conditions. 

25 [0035] After that, the oxide film 2 is removed by etch- 
ing using an etchant which contains HF solution, for ex- 
ample, thereafter, as shown in Fig. 5C, the n"-type Si 
epitaxial layer 6 is grown at a temperature around 
1120°C, for example, by CVD using SiHCI 3 , for exam- 

30 pie, as the source gas to complete the Si epitaxial sub- 
strate 7. The n*-type Si epitaxial layer 6 is doped with P, 
for example, as its n-type impurity. Its resistivity is 40 to 
50 Qcm, for example, and the thickness is 8 um for ex- 
ample. 

35 [0036] An example of the Si epitaxial substrate 7 man- 
ufactured in this manner is shown in Fig. 6. As shown 
here, this example has formed square carbon non-im- 
planted regions 5 at two locations of the CZ-Si substrate 
1 at the center of the Si epitaxial substrate 7 and near 

40 an orientation flat 7a, respectively. Sides of these car- 
bon non-implanted regions 5 are parallel to directions 
parallel and normal to the orientation flat 7a, for exam- 
ple, size of each carbon non-implanted region 5 is, for 
example, 10 mm x 10 mm or 8 mm x 8 mm. 

45 [0037] To estimate acceptability of the Si epitaxial 
substrate 7 made in the above-explained process, re- 
combination lifetime is measured by microwaves in the 
n"-type Si epitaxial layer 6 above the carbon non- im- 
planted region 5, and only Si epitaxial substrates 7 dem- 

so onstrating a good result are selected. A result of meas- 
urement on recombination lifetime is evaluated in the 
following manner. That is, respectively measured are re- 
combination lifetime t sub of the carbon non-implanted 
region 5 of the CZ-Si substrate 1 before growth of the 

55 n'-type Si epitaxial layer 6 and lifetime x epi of a part of 
the Si epitaxial substrate 7 above the carbon non- im- 
planted region 5. When t ep /t sub is 2/3 or more, for ex- 
ample, the Si epitaxial substrate 7 is classified to be 
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good. 

[0038] Figs. 7 through 11 illustrate a manufacturing 
method of a CCD solid-state imaging device according 
to the second embodiment of the invention. 
[0039] In the second embodiment, first prepared is a s 
good Si epitaxial substrate 7 remarkably reduced in im- 
purity contamination such as heavy metal impurities, 
which has been selected in the above-explained man- 
ner. 

[0040] Next, as shown in fig. 7 : a p-type well region 8 
is formed in the n'-type Si epitaxial layer 6 of the Si epi- 
taxial substrate 7 by ion implantation, for example. After 
that, an insulating film 9 of Si0 2 , for example, is made 
on the surface of the p-type well region 8 by thermal 
oxidation, for example. Then, by selectively ion-implant- 
ing an n-type impurity and a p-type impurity into the p- 
type well region 8, respectively, to form an n-type trans- 
fer channel region 1 0 forming a vertical transfer register, 
pMype channel stop region 11 adjacent thereto and a 
pMype well region 12 under the n-type transfer channel 
region 10. 

.[0041] Thereafter, as shown in Fig. 8, formed on the 
insulating film 9 is a transfer electrode 1 5 via an insulat- 
ing film 13 such as Si 3 N 4 film and an insulating film 14 
such as Si0 2 film, for example. The insulating films 9, 
1 3 and 14 form a gate insulating film. When the insulat- 
ing films 9 and 1 4 are Si0 2 films, and the insulating film 
1 3 is a Si 3 N 4 film, the gate insulating film is a so-called 
ONO film. The transfer electrode 15 is made of a poly- 
crystalline Si film doped with an impurity such as P. 
[0042] Next as shown in Fig. 9, n + -type regions 1 6 are 
made by selectively ion-implanting an h-type impurity in- 
to locations of the p-type well region 8 to be made as 
photo sensor portions. The pn junction made of the n + - 
type region 1 6 and the p-type well region 8 forms a photo 
diode to serve as a photo sensor (photoelectric convert- 
er). 

[0043] Next as shown in Fig. 10, a p+Mype region 17 
is made by ion-implanting a p-type impurity into he sur- 
face of the n + -type region 16. 

[0044] After that, as shown in Fig. 11, an inter-layer 
insulating film 18 of Si0 2 , for example, is made on the 
entire substrate surface, and an Al shade film 19 is 
formed on the part of the inter-layer insulating film 18 
above the transfer electrode 15. 
[0045] The intended CCD solid-state imaging device 
is thus completed. 

[0046] Fig. 12 shows a result of measurement on re- 
lationship between recombination lifetime measured at 
a central portion of the Si epitaxial substrate 7 and white 
defects of the CCD solid-state imaging device manufac- 
tured by using the Si epitaxial substrate 7. As shown in 
Fig. 12, there is apparent correlation between recombi- 
nation lifetime and white defects, and white defects in- 
crease as the recombination lifetime decreases. 
[0047] Also regarding white defects of the CCD solid- 
state imaging device made in a portion overlapping the 
carbon non-implanted region 5 in the Si epitaxial sub- 



strate 7, the result of measurement was substantially 
similar to the result of measurement of white defects of 
the CCD solid-state imaging device formed in a portion 
of the carbon implanted region 4 in the Si epitaxial sub- 
strate 7. This is probably because the diffusion length 
of metal impurities affecting white defects is sufficiently 
larger than the size of the carbon non- implanted region 
5 at the temperature for heat treatment in the process 
for manufacturing the device. 

[0048] As explained above, according to the second 
embodiment, since the CCD solid-state imaging device 
is manufactured by using a previously selected good- 
quality Si epitaxial substrate 7 in which impurity contam- 
ination by heavy metal impurities, or the like, is remark- 
ably reduced, a CCD solid-state imaging device remark- 
ably reduced in white defects and excellent in property 
can be manufactured with a high yield. Additionally, al- 
though conventional techniques could locate only after 
making solid-state imaging devices, the second embod- 
iment, configured to select only good products with a 
high accuracy still in the state of Si epitaxial substrates 
7, can remove futility by fabrication of defective CCD sol- 
id-state-imaging devices using defective Si epitaxial 
substrates 7 with much impurity contamination by heavy 
metal impurities, for example, and hence remarkably re- 
duce the manufacturing cost of CCD solid-state imaging 
devices. 

[0049] Having described specific preferred embodi- 
ments of the present invention with reference to the ac- 
companying drawings, it is to be understood that the in- 
vention is not limited to those precise embodiments, and 
that various changes and modifications may be effected 
therein by one skilled in the art without departing from 
the scope of the invention as defined in the appended 
claims. 

[0050] For example, structures, configurations, proc- 
esses and numerical values introduced in the first and 
second embodiments are only examples, and any ap- 
propriate other structures, configurations, processes 
and numerical values may be employed, if necessary. 
[0051] Specifically as to the first embodiment, al- 
though two carbon pe-implanted regions 5 are formed 
in the Si epitaxial substrate 7, the number of the carbon 
non-implanted region 5 may be only one, or three or 
more. For example, as shown by the dot-and-dash lines 
in Fig. 6, additional three carbon non-implanted regions 
5 may be made to form five carbon non-implanted re- 
gions in total. 

[0052] Regarding the second embodiment, explained 
as making the n + -type region 1 6 in the p-type well region 
8 formed in the n _ -type Si epitaxial layer 6 on the n-type 
Si epitaxial substrate 7 such that the n + -type region 16 
and the p-type well region 8 form a photo diode as the 
photo sensor, it may be modified to form a photo diode 
by making an n-type region in the p-type Si epitaxial lay- 
er. 

[0053] Moreover, needless to say, the invention is ap- 
plicable also to fabrication of CCD solid-state imaging 
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devices of a type having an in-layer lens. 
[0054] Furthermore, although the first embodiment 
has been explained as evaluating acceptability of the Si 
epitaxial substrate 7, the result of the evaluation may be 
used also for contamination control of the epitaxial 
growth apparatus used therefor. In this manner, contam- 
ination control of the epitaxial growth apparatus can be 
made without using a monitor substrate. 
[0055] As described above, according to the epitaxial 
semiconductor substrate by the present invention hav- 
ing formed at least one carbon non-implanted region 
along one major surface of the semiconductor sub- 
strate, acceptability of the epitaxial semiconductor sub- 
strate treated by carbon gettering can be evaluated pre- 
cisely and quickly by measuring recombination lifetime 
or surface photo voltage of the epitaxial layer in the lo- 
cation above the carbon non-implanted region. 
[0056] According to the manufacturing method of an 
epitaxial semiconductor substrate by the invention, con- 
figured to ion-implant carbon onto one major surface of 
the semiconductor substrate and make at least one car- 
bon non-implanted region, acceptability of the epitaxial 
semiconductor substrate treated by carbon gettering 
can be evaluated precisely and quickly by measuring 
recombination lifetime or surface photo voltage of the 
epitaxial layer in the location above the carbon non-im- 
planted region. 

[0057] According to the manufacturing method of a 
semiconductor device by the present invention, which 
is configured to manufacture a semiconductor device by 
using a good-quality epitaxial semiconductor substrate 
with remarkably reduced impurity contamination by 
heavy metal impurities, for example, semiconductor de- 
vices excellent in property can be manufactured with a 
high "yield. 

[0058] According to the manufacturing method of a 
solid-state imaging device by the present invention, 
which is configured to manufacture a solid-state imaging 
device by using a good-quality epitaxial semiconductor 
substrate with remarkably reduced impurity contamina- 
tion by heavy metal impurities, for example, solid-state 
imaging devices remarkably reduced in white defects 
and excellent in property can be manufactured with a 
high yield. 



Claims 

1. An epitaxial semiconductor substrate having 
formed an epitaxial layer (6) in which carbon is ion- 
implanted along a major surface (1a) of a semicon- 
ductor substrate (1 ), and an epitaxial layer (6) made 
of a semiconductor is stacked on said major surface 
(1 a) of the semiconductor substrate ( 1 ), comprising: 
acarbon non-implanted region (5) provided at 
least in one portion along said major surface (1a) of 
said semiconductor substrate (1 ). 



2. The epitaxial semiconductor substrate according to 
claim 1 wherein a part of said epitaxial layer (6) lo- 
cated above said carbon non-implanted region (5) 
is used to measure recombination lifetime or sur- 

5 face photo voltage thereof. 

3. The epitaxial semiconductor substrate according to 
claim 1 wherein minimum width of said carbon non- 
implanted region (5) is larger than the mean free 

10 path upon measurement of said recombination life- 
time or surface photo voltage. 

4. The epitaxial semiconductor substrate according to 
claim 1 wherein minimum width of said carbon non- 

15 implanted region (5) is not less than the thickness 
of said semiconductor substrate (1 ). 

5. A method for manufacturing an epitaxial semicon- 
ductor substrate (7) configured to first ion-implant 

20 carbon along a major surface (1a) of a semiconduc- 
tor substrate (1) and thereafter stack an epitaxial 
layer (6) made of a semiconductor on said major 
surface (1a) of said semiconductor substrate (1), 
characterized in: 

25 ion implanting carbon along said major sur- 

face (1a) of said semiconductor substrate while 
making a carbon non-implanted region (5) at least 
in one location. 

30 6. The method for manufacturing an epitaxial semi- 
conductor substrate (7) according to claim 5 where- 
in a part of said epitaxial layer (6) located above said 
carbon non-implanted region (5) is used to measure 
recombination lifetime or surface photo voltage 

35 thereof. 

7. The method for manufacturing an epitaxial semi- 
conductor substrate (7) according to claim 5 where- 
in minimum width of said carbon non-implanted re- 

40 gion(5) is larger than the mean free path upon 
measurement of said recombination lifetime or sur- 
face photo voltage. 

8. The method for manufacturing an epitaxial semi- 
45 conductor substrate (7) according to claim 5 where- 
in minimum width of said carbon non-implanted re- 
gion (5) is not less than the thickness of said sem- 
iconductor substrate (1). 

so 9. a method for manufacturing a semiconductor de- 
vice configured to manufacture the semiconductor 
device by using an epitaxial semiconductor sub- 
strate (7) made by first ion -implanting carbon along 
a major surface (1a) of a semiconductor substrate 

55 (1) and thereafter stacking an epitaxial layer (6) 
made of a semiconductor on said major surface (1 a) 
of said semiconductor substrate (1), characterized 
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ion-implanting carbon along the major surface 
(1 a) of said semiconductor substrate (1 ) while mak- 
ing a carbon non-implanted region (5) at least in one 
location, then making said epitaxial layer (6) on the 
major surface (1a) of said semiconductor substrate 
(1), thereafter measuring recombination lifetime or 
surface photo voltage of a part of said epitaxial layer 
(6) located above said carbon non-implanted region 
(5), using the result thereof to evaluate acceptability 
of said epitaxial semiconductor substrate (7), and 
manufacturing the semiconductor device by using 
said epitaxial semiconductor substrate (7) evaluat- 
ed to be good. 

10. The method for manufacturing a semiconductor de- 
vice according to claim 9 wherein minimum width of 
said carbon non-implanted region (5) is larger than 
the mean free path upon measurement of said re- 
combination lifetime or surface photo voltage. 

1 1 . The method for manufacturing a semiconductor de- 
vice according to claim 9 wherein minimum thick- 
ness of said carbon non-implanted region (5) is not 
less than the thickness width of said semiconductor 
substrate (1). 

1 2. The method for manufacturing a semiconductor de- 
vice according to claim 9 wherein acceptability of 
said epitaxial semiconductor substrate (7) is evalu- 
ated by measuring recombination lifetime of said 
carbon non- implanted region (5) of said semicon- 
ductor substrate (1), measuring recombination life- 
time of a part of said epitaxial layer (6) above said 
carbon non-implanted region (5), and evaluating 
whether the ratio of the measured value of recom- 
bination lifetime of the part of said epitaxial layer (6) 
above said carbon non-implanted region (5) to the 
measured value of recombination lifetime of said 
carbon non-implanted region (5) of said semicon- 
ductor substrate (1) is larger than a predetermined 
value or not. 

1 3. The method for manufacturing a semiconductor de- 
vice according to claim 9 wherein acceptability of 
said epitaxial semiconductor substrate (7) is evalu- 
ated by measuring surface photo voltage of said 
carbon hon- implanted region (5) of said semicon- 
ductor substrate (1 ), measuring surface photo volt- 
age of a part of said epitaxial layer (6) above said 
carbon non-implanted region (5), and evaluating 
whether the ratio ol the measured value of surface 
photo voltage of the part of said epitaxial layer (6) 
above said carbon non-implanted region (5) to the 
measured value of surface photo voltage of said 
carbon non-implanted region (5) of said semicon- 
ductor substrate (1 ) is larger than a predetermined 
value or not. 



14. A method for manufacturing a solid-state imaging 
device configured to manufacture the solid- state 
imaging device by using an epitaxial semiconductor 
substrate (7) made by first ion -implanting carbon 

5 along a major surface (1 a) of a semiconductor sub- 
strate (1 ) and thereafter stacking an epitaxial layer 
(6) made of a semiconductor on said major surface 
of said semiconductor substrate, characterized in: 
ion-implanting carbon along the major surface 

10 (1 a) of said semiconductor substrate (1 ) while mak- 
ing a carbon non-implanted region (5) at least in one 
location, then making said epitaxial layer (6) on the 
major surface (1 a) of said semiconductor substrate 
(1) : thereafter measuring recombination lifetime or 

15 surface photo voltage of a part of said epitaxial layer 
(6) located above said carbon non-implanted region 
(5) : using the result thereof to evaluate acceptability 
of said epitaxial semiconductor substrate (7), and 
manufacturing the solid-state imaging device by us- 

20 ing said epitaxial semiconductor substrate (7) eval- 
uated to be good. 

15. The method for manufacturing a solid-state imaging 
device according to claim 14 wherein minimum 

2S width of said carbon non-implanted region (5) is 
larger than the mean free path upon measurement 
of said recombination lifetime or surface photo volt- 
age. 

30 16. The method for manufacturing a solid-state imaging 
device according to claim 14 wherein minimum 
width of said carbon non-implanted region (5) is not 
less than the thickness of said semiconductor sub- 
strate (1). 

35 

17. The method for manufacturing a solid-state imaging 
device according to claim 14 wherein acceptability 
of said epitaxial semiconductor substrate (7) is eval- 
uated by measuring recombination lifetime of said 

40 carbon non-implanted region (5) of said semicon- 
ductor substrate (1), measuring recombination life- 
time of a part of said epitaxial layer (6) above said 
carbon non-implanted region (5), and evaluating 
whether the ratio of the measured value of recom- 

45 bination lifetime of the part of said epitaxial layer (6) 
above said carbon non-implanted region (5) to the 
measured value of recombination lifetime of said 
carbon non-implanted region (5) of said semicon- 
ductor substrate (1) is larger than a predetermined 

so value or not. 

18. The method for manufacturing a solid-state imaging 
device according to claim 14 wherein acceptability 
of said epitaxial semiconductor substrate (7) is eval- 

55 uated by measuring surface photo voltage of said 
carbon non-implanted region (5) of said semicon- 
ductor substrate (1), measuring surface photo volt- 
age of a part of said epitaxial layer (6) above said 
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carbon non-Implanted region (5), and evaluating 
whether the ratio of the measured value of surface 
photo voltage of the part of said epitaxial layer (6) 
above said carbon non-implanted region (5) to the 
measured value of surface photo voltage of said 
carbon non-implanted region (5) of said semicon- 
ductor substrate (1 ) is larger than a predetermined 
value or not. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



EP 0 949 689 A2 



Fig. 1 





EP 0 949 689 A2 



Fig. 3 




EP 0 949 689 A2 




EP 0 949 689 A2 




EP 0 949 689 A2 
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(57) Quality of epitaxial semiconductor substrates 
(7) treated by carbon gettering is evaluated precisely 
and quickly to use only good-quality ones for manufac- 
turing good-property semiconductor devices, such as 
solid- state imaging devices. After carbon implanted re- 
gions (4) and carbon non-implanted regions (5) are 
made along the surface of a Si substrate (1) by selec- 
tively ion-implanting carbon, a Si epitaxial layer (6) is 



grown on the surface ( 1 a) of the Si substrate (1 ) to obtain 
a Si epitaxial substrate (7). Recombination lifetime or 
surface photo voltage is measured at a portion of the Si 
epitaxial layer (6) located above the carbon non-im- 
planted region (5), and the result is used to evaluate ac- 
ceptability of the Si epitaxial substrate (7). Thus, strictly 
selected good-quality Si epitaxial substrates (7) alone 
are used to manufacture solid-state imaging devices or 
other semiconductor devices. 
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